The majority of vulvar intraepithelial neoplasia (VIN) is high-grade and is related to high-risk human papillomavirus (HRHPV) (most commonly HPV 16). It is considered to be the precursor of HRHPV-related vulvar squamous cell carcinoma. Vulvar condyloma acuminatum is low-risk HPV (LRHPV)-related (most commonly types 6 and 11) and has virtually no risk of neoplastic progression. While infection with multiple LRHPV and HRHPV types has been reported for cervical squamous intraepithelial lesions, coexisting vulvar condyloma and adjacent highgrade VIN have not been well characterized. Eleven cases of concurrent condyloma acuminatum and adjacent flat high-grade VIN and 3 cases of high-grade VIN with prominent condylomatous architecture were analyzed using immunohistochemical analysis of p16 expression, in situ hybridization (ISH) for HPV detection [HPV 6/11, HPV 16, HPV 18, and HPV wide spectrum (types 6, 11, 16, 18, 31, 33, 35, 45, 51, 52) probes], and HPV typing by a polymerase chain reaction (PCR)-based method (in select cases). All patients had underlying immunosuppressive conditions (human immunodeficiency virus infection or posttransplant therapy). Among the 11 cases of concurrent high-grade VIN and condyloma, the lesions were directly adjacent to one another in 5 cases (with 2 of these demonstrating an intimate admixture of lesions), and in 6 cases the lesions were found in separate tissue sections from the same specimen. Diffuse/strong p16 expression was seen in all high-grade VIN lesions, whereas patchy/ weak staining was found in all condylomata. All condylomata contained HPV 6 or 11 as detected by ISH. HRHPV was detected in all of the accompanying high-grade VIN lesions. Ten contained HPV 16 (9 by ISH, 1 by PCR), with the remaining case containing multiple HPV types by PCR. All condylomatous high-grade VIN lesions demonstrated diffuse/strong p16 expression and had evi-dence of HRHPV (1 with HPV 16 by ISH, 1 with HPV 18 by ISH, and 1 with multiple HPV types by PCR), with no detection of HPV 6 or 11 by ISH. The restriction of LRHPV to condylomatous components and HRHPV to high-grade VIN components of adjacent lesions suggests these are independent lesions caused by different HPV types. Diffuse p16 expression can highlight small foci of high-grade VIN, which may be overlooked in more abundant condylomatous tissue from immunosuppressed patients. The presence of only HRHPV in those VIN lesions with high-grade cytologic features but prominent condylomatous architecture supports their classification as forms of pure high-grade VIN and distinguishes them from condyloma acuminatum.
H igh-risk human papillomavirus (HRHPV) is an established cause of a significant proportion of vulvar intraepithelial neoplasia (VIN). [1] [2] [3] The incidence of VIN has been increasing, along with a decrease in age at diagnosis. [4] [5] [6] [7] [8] High-grade VIN, VIN 3 in particular, is considered the immediate precursor of HRHPV-related squamous cell carcinoma of the vulva. Similar to cervical high-grade squamous intraepithelial lesions (HSILs), the majority of VIN 3 lesions contain HPV 16. [9] [10] [11] [12] [13] [14] [15] [16] Although it has been recognized that, in the cervix, HRHPV infection is responsible for a spectrum of squamous intraepithelial lesion grades [low-grade squamous intraepithelial lesion/ cervical intraepithelial neoplasia 1 (LSIL/CIN 1), HSIL/ CIN 2, and HSIL/ CIN 3] , the majority of vulvar HRHPVrelated lesions are of high-grade (VIN 2 and VIN 3), and the existence of VIN 1 has been questioned. 17 The reported cases of flat VIN 1 harbor HRHPV in a significant number of cases; however, they mostly contain HRHPV types other than HPV 16. 18 Low-risk HPV (LRHPV) infection is extremely common in the vulva and is responsible for the development of vulvar condyloma acuminatum. 14, 19 These lesions most commonly contain HPV 6 and HPV 11 and have virtually no risk of neoplastic progression. 11, 20, 21 Nevertheless, with the increase in the incidence of condyloma acuminatum, it poses a significant health care problem that is associated with growing costs. 22 Infections with multiple HRHPV and LRHPV types have been reported in cervical and vulvar specimens containing intraepithelial lesions. 16, 18, 21, [23] [24] [25] [26] [27] [28] Some studies have demonstrated that, in the cervix, LSIL/CIN 1 and HSIL/CIN 3 that are present in the same specimen harbor different HPV subtypes in over 30% of cases, indicating that some of these cases may contain independent lesions related to infection with multiple HPV types. 24, 25 It is reasonable to expect that concurrent infection by HRHPV and LRHPV types in the vulva can also lead to the simultaneous development of independent, morphologically distinct lesions. However, cases of coexisting vulvar condyloma acuminatum and adjacent high-grade VIN have not been well characterized with respect to HPV detection within the morphologically distinct lesional components. There are occasional reports of the presence of HRHPV in vulvar specimens diagnosed as condyloma acuminatum, but the morphology of these lesions has not been described in detail. 11, 20, 21 Therefore, the current study was undertaken to investigate the correlation between morphology and HPV type along with immunohistochemical analysis of p16 expression in a series of vulvar lesions comprising coexisting high-grade VIN and condyloma acuminatum.
METHODS
The study was approved by the Johns Hopkins University School of Medicine Institutional Review Board. Vulvar specimens containing both high-grade VIN and condyloma acuminatum were retrieved from the files of the Department of Pathology of The Johns Hopkins Hospital. The hematoxylin and eosin-stained slides of all cases were reviewed by 2 authors (K.P.M. and A.Y.), and selected cases and images were reviewed by the coauthors. Immunohistochemical analysis of p16 and Ki-67 expression and HPV detection were performed as described below. While performing slide review and case selection for this study, we also encountered 3 cases in which vulvar lesions had a strikingly condylomatous architecture, beyond that usually seen in warty VIN, coupled with cytologic features typical of high grade VINs; these cases were also included.
In situ hybridization (ISH) for HPV was performed using HPV 16, HPV 6/11, and HPV wide-spectrum (HPV WS) probes (see below). For the cases in which a specific HRHPV type (HPV 16) was not detected by ISH, HPV typing was performed using the polymerase chain reaction (PCR)-based INNO-LiPA assay (see below). For 2 cases of condylomatous VIN in which multiple HPV types, including HPV 18, were detected by the PCR-based method, ISH for HPV 18 was also subsequently performed.
Immunohistochemical Analysis of p16 and Ki-67 Expression
Immunohistochemical analysis for p16 was carried out using prediluted anti-p16 clone E6H4 (CINtec, mtm laboratories AG, Germany) with a primary antibody incubation time of 28 minutes at room temperature. Antigen retrieval was performed under standard optimized conditions using the CC1 mild reagent. Immunoperoxidase labeling was detected with the iView DAB Detection Kit (Ventana, Tucson, AZ) on the automated BenchMark XT IHC Staining Module (Ventana Medical Systems) as previously described. 29 On the basis of the extent of immunolabeling, p16 immunoexpression (both nuclear and cytoplasmic staining) was recorded as diffuse positive (defined as diffuse band-like staining within at least the lower one half to two thirds of the epithelium), patchy positive, or negative.
Immunohistochemical analysis for Ki-67 was performed using anti-Ki-67 mouse monoclonal antibodies (clone 30-9; Ventana), prediluted 1:1 with an incubation time of 16 minutes at 371C. Antigen retrieval was performed under standard optimized conditions using the CC1 reagent. Immunoperoxidase labeling was detected with the iView DAB Detection Kit (Ventana) on the automated BenchMark XT IHC Staining Module (Ventana Medical Systems). For Ki-67, nuclear staining was evaluated. Ki-67 proliferative activity was scored as low, moderately elevated, or markedly elevated on the basis of the presence and number of positive nuclei in the epithelial layers above the parabasal area.
HPV DNA Detection In Situ Hybridization for HPV
In situ hybridization for HPV was performed in all cases. After deparaffinization and rehydration, biotinlabeled HPV probe solutions (Dako Corp., Carpinteria, CA) were applied to individual sections. These included a wide spectrum probe [HPV WS (cocktail of HPV 6, 11, 16, 18, 31, 33, 35, 45 , 51, and 52)] and separate typespecific probes for HPV 16, HPV 6/11, and HPV 18 (in select cases). Detection of the hybridized probe was performed by tyramide-catalyzed signal amplification using the Dako Genpoint Kit (Dako Corp.). Chromogenic detection was performed with diaminobenzidine/H 2 O 2 . Controls included tissue sections positive for HPV WS and the SiHa cell line for HPV 16. Biotin-labeled plasmid probes served as a negative control in each case. Cases with a discrete reaction product (either dot-like or diffuse) located in the lesional cell nuclei were interpreted as positive. Positive reaction with the HPV WS probe in the absence of signal with HPV 6/11 probe was considered evidence of HRHPV presence.
INNO-LiPA HPV Typing Method
For the cases in which a specific HRHPV type (HPV 16) was not detected by ISH, HPV typing was performed using PCR-based INNO-LiPA assay. To extract the DNA, paraffin was solubilized with octane. The tissue was pelleted by centrifugation and washed with 100% ethanol. After removing the ethanol, the tissue was dried with the addition of 10 mL acetone in a 551C heating block. Dried tissues were resuspended in a 1Â digestion buffer of 200 mg/mL proteinase K and 0.1% laureth-12 and incubated at 551C until the tissue was fully digested. Protease was heat inactivated by incubation at 951C for 10 minutes. PCRs were run on a Gene Amp PCR System 9700 engine thermocycler (Applied Biosystems, Foster City, CA). HPV type-specific detection was conducted using the INNO-LiPA HPV Genotyping Kit according to the manufacturer's instructions (Innogenetics, Gent, Belgium). This system is capable of detecting 28 specific HPV types. [30] [31] [32] The LiPA strips were manually interpreted using the reference guide provided.
RESULTS
Eleven cases of concurrent condyloma acuminatum and adjacent flat high-grade VIN were studied. In 5 of these cases, high-grade VIN and condyloma were immediately adjacent to each other, and in 6 cases, they were present in separate tissue sections within the same specimen. In 2 of the former cases, foci of cytologically highgrade epithelium were present within the condyloma.
The other 3 vulvar specimens displayed strikingly condylomatous architecture at low magnification (beyond that usually observed in cases of warty high-grade VIN) and marked cytologic atypia and increased mitotic activity in the upper epithelial layers, similar to that seen in flat high-grade VIN and not typical of condyloma. These cases were classified as condylomatous high-grade VIN.
The patients' ages ranged from 27 to 57 years (median/mean age, 39/39.8 y). Prior or concurrent abnormal cervical cytology and/or other evidence of HRHPV infection was noted in 13 (of 14) patients. All patients had underlying conditions with evidence of immunosuppression: 13 had human immunodeficiency virus infection, and 1 was undergoing post-transplant immunosuppressive therapy.
In cases with concurrent high-grade VIN and condyloma, all high-grade VIN lesions had HRHPV DNA detected: 10/11 contained HPV 16 (9 by ISH and 1 by PCR), and 1 case had a positive HPV WS in situ probe and no detectable signal by HPV 16 or HPV 6 and 11 probes. In this latter case, HPV 33, 44, 52, and 54 were detected by PCR. All condylomata acuminata (11/11) had HPV 6 or HPV 11 types detected by ISH (Figs. 1, 2) . These data are summarized in Table 1 .
Among cases of high-grade VIN with prominent condylomatous architecture and high-grade cytologic features, 1 had HPV 16 detected by ISH; the remaining 2 were positive for HPV WS by ISH with no detectable HPV 6 or 11 by ISH. These 2 cases had HPV 18, 39, 51, 66, 74 and HPV 18, 35, 39, respectively, detected by PCR. HPV 18 was detected by ISH in the former but not in the latter (Fig. 3) . These data are summarized in Table 2 .
All high-grade VIN areas had diffuse expression of p16, as did the 3 cases of condylomatous high-grade VIN. In contrast, weak and patchy to absent p16 expression was seen in all condylomata acuminata. Ki-67 proliferative activity was variably elevated in all the lesions without notable differences between high-grade VIN and condyloma (data not shown).
DISCUSSION
Infections with multiple HPV types, including coinfection with HRHPV and LRHPV types, are commonly observed in lower genital tract squamous intraepithelial lesions. 16, 18, 21, [23] [24] [25] [26] [27] [28] Distinct lesion morphology associated with HRHPV infection (ie, high-grade VIN) versus LRHPV (ie, condyloma acuminatum) has been well established. The cases in this study emphasize the possibility of high-grade VIN occurring adjacent to or even admixed within a condyloma acuminatum, particularly in immunosuppressed patients. Recognition of this possibility is important both clinically and pathologically. An extensive condylomatous growth can overwhelm or obscure an adjacent or admixed flat high-grade VIN, leading to failure to sample the more clinically significant lesion. Similarly, small foci of high-grade VIN may be overlooked when evaluating more abundant condylomatous lesional tissue microscopically, leading to failure to diagnose the more significant component of the pathologic process. When diagnosing these cases, it is important to emphasize the presence of high-grade VIN, as this component is clinically more relevant than the often abundant background of condyloma acuminatum. High-grade VIN encompasses both VIN 2 and VIN 3. 17 It has been demonstrated that combining the 2 VIN grades (VIN 2 and VIN 3) as a high-grade VIN leads to good intraobserver agreement. 33 As the distinction of VIN 2 and VIN 3 does not alter clinical management, high-grade VIN represents a clinically relevant diagnostic category. In our practice, we use the term high-grade VIN with parenthetical notation of the subgrade, that is high-grade VIN (VIN 2) or (VIN 3), but commonly use high-grade VIN (VIN 2-3) because lesions with both grades are common in our experience.
A rare subset of HRHPV-related vulvar lesions with prominent condylomatous architecture, as evidenced by the 3 such cases identified in the current study, is probably more closely related to typical high-grade VIN rather than condyloma acuminatum, on the basis of morphology (high-grade cytology), HPV typing data (detection of high-risk rather than low-risk types), and p16 expression (diffuse). These cases may represent what has been previously reported as condyloma acuminatum-containing HRHPV. 11, 20, 21 The use of the term "condyloma" should be avoided in such cases as it implies an LRHPV-related lesion with virtually no risk of progression to carcinoma, which can be misleading for clinical management. Analysis of additional examples of this uncommon variant would be useful to confirm our findings.
The prevalence of HPV-related lesions containing both LRHPV and HRHPV in patients with immunosuppression, particularly those with human immunodeficiency virus infection, is higher than in the general population. [34] [35] [36] These conditions represent known predisposing factors for persistent HPV infections, with both frequent lesion persistence/recurrence and increased potential for development of invasive carcinoma. All patients in this study had immunosuppressive con-ditions, including HIV infection in the majority of patients and post-transplant therapy in 1, suggesting that immunosuppressed patients may be at increased risk for (Table 1) . A, Condyloma acuminatum (right) with adjacent flat high-grade VIN (left). B, Diffuse p16 expression in high-grade VIN and extremely focal to negative staining in condyloma. C, High-grade VIN exhibits loss of maturation, marked nuclear atypia, and frequent mitotic figures. D, Condyloma is composed of more mature keratinocytes with enlarged nuclei and some koilocytotic change. E, ISH preparation demonstrates nuclear signals with the HPV 16 probe in the area of high-grade VIN (inset); no signal in condyloma. F, ISH preparation demonstrates nuclear signals with the HPV 6/11 probe in the area of condyloma (inset); no signal in high-grade VIN. developing the variants of high-grade VIN described herein. Thus, awareness of the potential for high-grade VIN to develop an intimate association with condyloma acuminatum or display architectural features simulating an LRHPV-related lesion (condyloma acuminatum) is especially important in this patient population. Although HPV DNA detection with PCR-based methodology using the entire tissue section is considered a "gold standard" and is most commonly used in research, it often generates a list of several HPV types and does not provide information regarding the HPV type that is implicated in the development of a lesion. The attribution of an individual HPV type as likely causal of a particular lesional focus is possible with ISH techniques. In this report, we describe evidence of HRHPV and LRHPV in adjacent vulvar lesions as detected by ISH. All but 1 (10 of 11) of the high-grade VIN lesions contained HPV 16, which is the HPV type most commonly detected in highgrade VIN in other studies. [9] [10] [11] [12] [13] [14] [15] [16] All condylomata acuminata contained HPV 6/11, as detected by ISH.
Although the ISH technique was successful in detecting specific HPV types in the majority of cases, its imperfect sensitivity is recognized. Immunohistochemical analysis of p16 expression is frequently used as an adjunct to morphologic diagnosis of HRHPV-related lesions. Multiple studies have shown that p16 is a sensitive marker of HRHPV-related VIN. [37] [38] [39] [40] These data are concordant with our findings of diffuse p16 expression in all VINs that were associated with the detection of HRHPV. All vulvar condylomata were associated with focal/patchy to absent expression of p16, which is consistent with what has been previously described for anal condylomata. 41 Therefore, p16 is useful in the detection of vulvar lesions related to HRHPV and in their discrimination from LRHPV-related condyloma acuminatum and other non-HPV-related vulvar lesions.
Immunohistochemical expression of Ki-67 was variably elevated in all lesions in this study, including both high-grade VIN and condyloma acuminatum (data not shown). Although this marker does not discriminate between the 2 HPV-related entities, it has been reported to be useful in differentiating these from non-HPV-related vulvar lesions. 21, 23, 41 In summary, mixed infections with LRHPV and HRHPV types can occur in the vulva and lead to the development of adjacent morphologically distinct lesions. It is important to recognize the possibility of finding small foci of high-grade VIN adjacent to condyloma acumina-tum when evaluating vulvar specimens, especially from patients with immunosuppressive conditions. Vulvar lesions with strikingly condylomatous architecture and high-grade cytologic features are related to HRHPV and, therefore, likely represent variants of high-grade VIN. 
